When the maglev train runs at high speed, the lift force and lateral force increases, aerodynamic problem is more serious under strong crosswind. At present, the aerodynamic performance optimization of maglev train is mainly concentrated on the structure of train body, hardly any research on the influence of track. In this paper, based on three-dimensional, steady, incompressible N-S equation and k-ε turbulence model, Shanghai TR08 maglev train running at the speed of 250km/h under 20m/s crosswind is simulated. Comparing the commonly used "I" and "T" tracks, this paper studies the influence of the track shape on the aerodynamic performance of Shanghai maglev, and analyzes the flow field around the track and the train. It has been seen that when running on "T" type track, the pressure fluctuation is smaller and the pressure distribution at the bottom of the train is more even, besides, negative pressure on the leeward side will significantly decrease. "T" type track basically has no influence on drag, but it will increase lift force and decrease lateral force. When running on "I" type track, the shape of the plate affects the aerodynamic force to some extent, and has little influence on pressure and velocity distribution at the top of the train where airflow is separated.
INTRODUCTION
Maglev Traffic is an important part of urban rail transit. In China, it has been put into use in Shanghai and Changsha now. It can suspend in air and achieve touch-free operation relying on electromagnetic suction or electric repulsion. The special wheel / rail contact mode avoids the friction and collision consumption caused by traditional locomotive. Besides, it improves the smoothness of operation and reduces noise. Because the Magnetically Levitated Train is "covered" on the track when the train is running, it will not overturn, so it improves the safety of operation. In addition, maglev train also has other attractive technical characteristics including fast, long life and pollution-free [1] , therefore, it becomes the trend of urban rail transit development. As one kind of new traffic tools, the safety of maglev is the first target. But when the maglev train runs at high speed, the lift force and lateral force increase, and the aerodynamic problem is even more serious in conditions of strong crosswind. The change of aerodynamic force may cause the change of the gap between maglev train and track, which will greatly increase the train response. [2] Therefore, the requirement of track regularity and running smoothness of maglev train is higher. Huang Tao [3] analyzed air dynamic performance of high-speed train passing through different ballastless track model under crosswind and non-crosswind .The pressure distribution of the train bottom plate and bogie, the characteristics of flow field around the train and track are analyzed. The paper concluded that pressure variation of high speed trains' bottom plate are basically the same under non-crosswind. While the value calculated by the conventional method is slightly greater than that of the frame slab track model and plane slab track model under crosswind. Ren xin [4] simulated the aerodynamic performance of trains running under different situations. The paper analyzed influences of embankment height, train speed, crosswind speed and other factors. In recent years, the aerodynamic performance optimization of maglev train mainly depends on the structure of vehicle body and the operating environment. There is very little research on the effects of orbits. Therefore this paper carried out numerical simulation of Shanghai maglev train TR08 running in different shapes of track at speed of 250km/h under 20m/s crosswind.
NUMERICAL SIMULATION MODEL

Mathematical and physical model
Based on three dimensional, steady, incompressible N-S equation and k-ε turbulence model, the aerodynamic performance and flow structure around Shanghai TR08 maglev train under 20m/s crosswind is simulated and analyzed by using large-scale numerical fluid calculation software Fluent .Velocity-pressure coupling calculation is based on SIMPLEC algorithm. Pressure terms are discretized by Second Order Upwind scheme. Momentum, turbulent kinetic energy and turbulent dissipation rate are discretized by QUICK scheme.
Following assumptions are made on mathematical and physical model in the calculation: a. It is assumed that the flow field around the train is steady flow, that is, the flow of air and its physical parameters do not change with time. b. The Maher number is less than 0.3 when maglev train runs at speed of 250km/h. The air can be treated by incompressible flow in such conditions. c. The turbulence model chosen in this paper is standard k-ε double-equation turbulence model, which has been widely used in research and engineering both at home and abroad. Aerodynamic coefficient of dimension 1 is used to describe the aerodynamic performance of the train in this paper. Aerodynamic coefficient is defined as:
F represents the magnitude of drag force, lift force and lateral force, and the aerodynamic coefficients are obtained respectively. P is the density of air, takes 1.225kg/m 3 . A is the reference area, takes 11.827m 2 . μ refers to flow velocity, takes the value of train speed, which is 69.44m/s.
Numerical model
GEOMETRIC MODEL
In this paper, two car marshalling maglev train, Shanghai TR08 is selected as the model. The details of the bottom and surface of the train are simplified, as shown in figure 1.2-1. The maglev train of Shanghai is an "ElectroMagnetic Suspension" (abbreviated as EMS) maglev train. Its orbit clearance is about 8~12mm. This paper takes median value 10mm.
Nowadays "I" and "T" types of magnetic levitation guideway girder are the most common used models. In this paper, we choose "I" track beam as the basic track model 1, which is now in use in Shanghai. Although "I" type track beam increases the stiffness, it also increases the total weight. Besides, it will make the noise transmit upwards. In this paper, the bottom of "I" type track beam is removed, which change to "T" type track as one of the models for comparison. Besides, based on the "I" type, we change the shape of rail beam plate from rectangular to trapezoidal and inverted trapezoidal, consider whom as contrast model 3 and 4. These four track models' shape as shown in figure 1 .
The space is discretized by structured grids. The surface element of the train is quadrilateral mesh, and the body element is hexahedral mesh. To make the calculation result more accurate, the first layer mesh thickness of car body surface is 1mm, and the boundary layer grid has 14 layers. The mesh diagram of train head is shown in figure 2 . The total number of grids is about 15 million. 
Calculation area and boundary conditions
The distance between the train tail and pressure outlet should be long enough so that the flow of the train wake can fully spread and cannot affect the flow field near the train. Besides, the distance between the leeward side of the train and the boundary should also be long enough to avoid blocking effects. This article define the distance between the top of train and the ground as characteristic length H, and the value of H is 5.455m. The specific sizes of Computational domain are represented by H, as shown in figure 4 .
This paper adopts the method of relative motion to simulate the maglev train running. In order to eliminate the influence of the ground boundary layer, the slip ground method is used to simulate the relative motion between the train and the ground. The speed of the ground is the same as the speed of the train, and the direction is opposite. Face ABCD is set as speed entrance, the magnitude is the same as the train speed. Face BFGD is set as velocity inlet, the value of which is the same as the wind speed. Surfaces AEHC and EFGH are pressure outlets with a relative atmospheric pressure of 0. Face CDGH and ground are set as no-slip walls. The vehicle body surface is set as no-slip wall boundary condition.
RESULTS AND ANALYSIS
Influence on train aerodynamic performance
In figure 5 , the abscissa is the distance from measuring point to head train tip. From figure 5 (a) we can see: from train tip to the part that the train cover the track, the pressure at the base of the train drastically reduces from positive to negative. Then it slowly goes up till it comes to the end of the streamlined part of the car. The middle part of the car stays positive at slightly greater than zero. At the rear of the car, the pressure variation trend is similar symmetrical to that of the front, but the fluctuation range is much smaller. When the train is running on "T" type track, the maximum value of positive and negative pressure is smaller than that on "I" track, and the amplitude decreases by about 5.26%. Besides, the pressure fluctuation is smaller and the pressure distribution is more even. Figure 5 (b) shows the variation of the pressure coefficient at the bottom of the train when running on the "I" track of three types. It can be seen that although at the nose tip, the pressure coefficient corresponding to the track with trapezoid plate is significantly lower than that of other tracks, the maximum value of positive pressure decreases by about 8.4%. At other locations of the train bottom except the nose tip, the shape of the plate nearly has no influence on the amplitude of pressure change, but it has certain influence on the rate of pressure change.
From the results of aerodynamic coefficients in Table 1 , it can be seen that the drag coefficient is the least sensitive to the change of track shape, and the drag of the whole train is basically unchanged. The shape of rail influences train lateral force coefficient the most. When the train running on "T" type track, the lateral force of both the head and tail train increases, but the direction is opposite, and lateral force of the whole train decreases by about 6.75%. The shape also has certain influence on lift coefficient, the head train increases by 4.48%, the tail train increases by 1.52%, and the whole train increases by 2.30%. Fig. 6 shows the pressure nephogram at z plane which corresponds to the bottom of the train. Inside the white frame is the pressure distribution at the bottom of the train. It can be seen that the color in the bottom pressure diagram of "T" type track is lighter, the pressure gradient is smaller, and the pressure distribution is more even, which is coincident with the results obtained in Fig. 5 .
Influence on the flow field structure
The diagram 7 shows the pressure and velocity nephogram at y plane which corresponds to the dividing value of the streamlined train head and train body. As can be seen from the figure, the train is subjected to positive pressure at the windward side. The airflow accelerates and expands at the top and bottom of the train, so it presents negative pressure. The airflow is separated at the top of the train and will produce a vortex, in where the pressure is the same as the top of the train. The leeward side of the train is in the vortex produced by airflow separation, so it also presents a negative pressure. Due to the smaller space between the "I" track and the bottom of the train, the air is squeezed more severely. Figure 6 and 7 shows that when the train running on "I" type track, the color on the leeward side is darker blue, and darker area spread wider and longer in both y and z direction, that is, "I" type rail will significantly increase negative pressure on the leeward side.
In the windward side, vortice forms in the limited space composed by ground, track and train. From figure 7 (b), we can see: when the train is running on the T track, the vortex area is larger and the structure is more complex. In addition, more vortices will be formed in the space of train cover the track, and the flow will be more complicated, which will affect the smoothness of train operation. But in the gap between the car and the track, the velocity of the air flow is very small, close to 0. From flow field comparison of three kinds of I type track in figure 6 and 7, it can be seen that when running on track model 3, top and leeward side pressure will be smaller. The shape of the plate only has little influence on pressure and velocity distribution, and there are some differences at the top of the train where airflow is detached.
CONCLUSIONS
This paper simulates Shanghai TR08 maglev train running at the speed of 250km/h under 20m/s crosswind and analyze the flow field and aerodynamic performances running on 4 different orbits. The study reaches the following conclusions:
a. The influence of the shape of the track on the flow field is most obvious in the leeward side where the vortex is formed by airflow detachment. The pressure is smaller and its distribution is more even when running on "T" type track. "I" type track with trapezoidal beam plate also can decrease the pressure in where, but not that obvious.
b. The lateral force decreases by about 6.75% and the lift force increases by 2.30% when the train running on "T" type track. The drag force is the least sensitive to the change of track shape.
c. The air flow between the track and the train is rather complicated, and the flow patterns are different corresponding to "I" and "T" type orbits. There are 3 distinct vortices formed running on "I" type track and one more running on "T" type track, which may cause unsmooth of the train operation.
d. Comparing the 3 different "I" type track, it can be seen that the shape of the plate affects the aerodynamic force to some extent, and has little influence on pressure and velocity distribution at the top of the train where airflow is separated. But the impact of plate shape is not great.
